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(54) Analogue front end with electrical isolation 

(57) Embodiments of the present invention are di- 
rected to interface devices (204) that provide an inter- 
face between a first device (202) and a second device 
(206), where the interlace device provides electrical iso- 
lation between the first device and the second device, 
and where codec processing is distributed between the 



first-device side and the second-device side of the in- 
terface device. In a preferred embodiment, the second 
device has a transmission line, the interface device is a 
modem, and the electrical isolation is provided by one 
or more digital couplers that transmit sigma-delta sig- 
nals that are coded and decoded in both the first-device- 
side and second-device-side circuitries of the modem. 
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Description 

BACKGROUND OF THE INVENTION 

This application is related to U.S. Patent Nos. 
5.528.6B5 and 5,528,686, filed as attorney docket nos. 
"Cwynar 2-5" and 'Cwynar 1-4,' respectively, both is- 
sued on 6/18/96, the teachings of both of which are in- 
corporated herein by reference. 

Field of the Invention 

The invention relates to interface devices such as 
those used for telephony applications like modems and 
the like, and, more particularly, to such devices that re- 
quire electrical isolation. 

Description of the Related Art 

The U.S. Federal Communications Commission 
(FCC) and counterpart regulatory agencies in other 
countries require telephone equipment to meet stringent 
requirements in order to protect the telephone lines from 
damage and degradation. Under one such requirement, 
telephone equipment must be electrically isolated from 
the telephone lines. Although the required electrical iso- 
lation varies by country, it is invariably demanding. For 
example, the U.S. requires 1 500-volt isolation and other 
countries require up to 4000-volt isolation. As a result, 
telephone equipment must include some form of elec- 
trical isolation circuitry to prevent the telephone equip- 
ment from applying voltage surges or ground connec- 
tions to the telephone lines, and vice versa. 

Fig. 1 shows a block diagram of a conventional 
modulator/demodulator (modem) 100, which is an inter- 
face device typically placed between a telephone line (t. 
e. t the line side) and a user device, such as a data ter- 
minal or a computer (i.e., the device side). Modem 100 
comprises data pump 102, coder/decoder (codec) 104, 
and data access arrangement (DAA) 106. In conven- 
tional modems, the DAA provides the interface to analog 
phone lines and the data pump provides the interface to 
digital computer buses. The codec operates as an ana- 
tog-to-digital (A/D) converter for incoming signals in the 
receive path (i.e., signals traveling from the line side to 
the device side) and a digital-to-analog (D/A) converter 
for outgoing signals in the transmit path (i.e., signals 
traveling from the device side to the line side). That is, 
the codec converts (1) the incoming analog signals re- 
ceived from the phone lines into digital signals for trans- 
mission to the computer and (2) the outgoing digital sig- 
nals received from the computer into analog signals for 
transmission over the phone lines. As such, in conven- 
tional modems, the DAA comprises circuitry to process 
analog signals, while the data pump comprises circuitry 
to process digital signals. Data-pump processing in- 
volves (1 ) the digital -to-digital conversion of computer 
data streams into a narrow-bandwidth signaling pattern 



format suitable for application to the input of a D/A con- 
verter compatible with voice-band telephone lines and 
(2) the digital-to-digital conversion of such narrow-band 
data back into computer data streams. 
s In particular, in conventional modems, the DAA con- 
tains one or more of the following types of analog cir- 
cuitry: 

O Electrical protection and high-voltage isolation cir- 
10 curtry to protect the phone lines and/or the computer 
(as well as the user) from high-voltage transients; 

O Line termination circuits to meet regulatory return 
loss requirements; 

O Transmit amplifier circuitry for controlling transmit- 
75 ted signal power for the outgoing analog signals and 
receive amplifier circuitry for controlling signal pow- 
er in the receive path for the incoming analog sig- 
nals; and 

O Two-wire-to-four-wire conversion circuitry for con- 
20 verting between the two-wire TIP/RING signals for 
the telephone line and the four-wire (RX+, RX-, 
TX+, and TX-) signals for the computer. 

Depending on the sophistication of the circuitry, the DAA 
25 will contribute more or less degradation to the signals. 
For example, using large transformers in the DAA would 
provide a signal path with very little degradation, but us- 
ing such transformers would be impractical for portable 
applications because of the size and weight. 

In some conventional modems, an isolation trans- 
former is used in the DAA to provide electrical isolation 
between the telephone lines and the computer. Trans- 
formers, however, suffer from excessive bulkand weight 
relative to most solid-state devices. Transformers are 
particularly cumbersome when used in modems de- 
signed for portable computers and other portable appli- 
cations. In addition, transformers are relatively expen- 
sive, and pose reliability problems due to their mass 
when subject to mechanical shock or vibration. 

What is needed is a scheme for providing low-deg- 
radation electrical isolation in modems that do not rely 
on transformers. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention are directed 
to an interlace device for interfacing between a first de- 
vice and a second device. The interface device compris- 
es (a) first-device-side circuitry, adapted to interface to 

so the first device and to provide first-device-side codec 
processing; (b) second-device-side circuitry, adapted to 
interface to the second device and to provide second - 
device-side codec processing; and (c) a digital interface, 
connected between the first-device-side circuitry and 

55 the second-device-side circuitry and adapted to provide 
electrical isolation between the first device and the sec- 
ond device. The first-device-side circuitry and the sec- 
ond-device-side circuitry are adapted to apply sigma- 
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delta modulation techniques to generate digital signals 
for transmission through the digital interlace. 

Alternative embodiments of the present invention 
are directed to analog front end (AFE) circuitry for an 
interface device for interfacing between a first device 
and a second device. The AFE circuitry forms second- 
device-side circuitry of the interface device which is 
adapted to interface to the second device and to provide 
second-device-side codec processing. The interface 
device further comprises first-device-side circuitry, 
adapted to interface to the first device and to provide 
first-device-side codec processing, and a digital inter- 
face, connected between the first-device-side circuitry 
and the second-device-side circuitry and adapted to 
provide electrical isolation between the first device and 
the second device. The tirst-device-side circuitry and 
the second-device-side circuitry are adapted to apply 
sigma-delta modulation techniques to generate digital 
signals for transmission through the digital interface. 

Further alternative embodiments of the present in- 
vention are directed to an interface device for interlacing 
between a first device and a second device. The inter- 
face device comprises (a) first-device-side circuitry, 
adapted to interlace to the first device; and (b) second- 
device-side circuitry, adapted to interface to the second 
device and to the first-device-side circuitry. The second- 
device-side circuitry comprises (1) an AC termination 
impedance, adapted to provide impedance for transmis- 
sion-line AC requirements; (2) an inductor emulator, 
adapted to provide DC termination for the second de- 
vice; and (3) a shunt regulator, adapted to control volt- 
age levels seen by the second-device-side circuitry. The 
inductor emulator is connected in series with the shunt 
regulator. 

Still further alternative embodiments of the present 
invention are directed to analog front end circuitry for an 
interface device for interlacing between a first device 
and a second device. The AFE circuitry comprises (1) 
an AC termination impedance, adapted to provide im- 
pedance for transmission-line AC requirements; (2) an 
inductor emulator, adapted to provide DC termination for 
the second device; and (3) a shunt regulator, adapted 
to control voltage levels seen by the AFE circuitry. The 
inductor emulator is connected in series with the shunt 
regulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other aspects, features, and advantages of the 
present invention will become more fully apparent from 
the following detailed description, the appended claims, 
and the accompanying drawings in which: 

Fig. 1 shows a block diagram of a conventional mo- 
dem; 

Fig. 2 shows a block diagram of a modem, accord- 
ing to one embodiment of the present invention; 
Fig. 3 shows a block diagram of the line-side circuit- 



ry of the modem of Fig. 2; 
Fig. 4 shows a schematic diagram of each of the 
two optical detectors of the line-side digital interface 
of the modem of Fig. 2; 
5 Fig. 5 shows a schematic diagram of the optical 
transmitter of line-side digital interlace of the mo- 
dem of Fig. 2; and 

Fig. 6 shows a schematic diagram of the line-side 
circuitry of Fig. 3. 

10 

DETAILED DESCRIPTION 

Embodiments of the present invention are directed 
to interface devices that provide an interface between a 

'5 telephony device and an analog telephone line, where 
the interface device provides electrical isolation be- 
tween the telephony device and the telephone line, and 
where codec processing is distributed between the de- 
vice side and the line side of the interface device. In a 

20 preferred embodiment, the interface device is a modem, 
and the electrical isolation is provided by one or more 
digital couplers that transmit sigma-delta modulated sig- 
nals that are coded and decoded in both the device-side 
and line-side circuitries of the modem. 

25 Fig. 2 shows a block diagram of a modem 200, ac- 
cording to one embodiment of the present invention. In 
modem 200, digital and analog processing, analogous 
to that performed in codec 104 of conventional modem 
100 of Fig. 1 , is distributed between the device side (i. 

30 e., codec digital signal processor (DSP) 202) and the 
line side (i.e., codec analog front end (AFE) circuitry 
206) 

AFE circuitry 206 performs the DAA processing of 
DAA 106 of modem 100 in addition to codec analog 
35 processing. In one implementation, DSP 202 performs 
the data-pump processing of data pump 102 of modem 
100 of Fig. 1 in addition to codec digital processing, in 
an alternative implementation, the data-pump process- 
ing is implemented in software. In that case, the codec 
40 digital processing can be implemented in a dedicated 
DSP like DSP 202 or combined with other DSP-based 
processing, such as in an audio processing circuit. 

Digital interlace 204 forms the interface between 
DSP 202 and AFE circuitry 206. Digital interlace 204 
45 provides electrical isolation between the line side and 
the device side of modem 200. In conventional modems, 
such as modem 100 of Fig. 1, the electrical isolation 
function is implemented in analog circuitry within the 
DAA, typically using a transformer with primary and see- 
so ondary coils separated by a dielectric that protects the 
secondary coils from high voltage in the primary coils. 
In embodiments of the present invention, however, in- 
stead of using a transformer, the electrical isolation func- 
tion is implemented in the digital domain using one or 
55 more digital couplers, such as digital optical couplers or 
capacitive couplers. 

A digital optical coupler has a transmitter and a de- 
tector (i.e., receiver). The transmitter converts digital 



3 



5 EP 0 881 805 A2 6 



electrical signals into optical signals and transmits those 
optical signals to the detector. The detector receives the 
optical signals from the transmitter and converts those 
optical signals back into digital electrical signals. Dielec- 
tric between the transmitter and the detector provides 
the electrical isolation protection. A capacitive coupler, 
as taught in U.S. Patent No. 5,187,637, incorporated 
herein by reference, uses one or more capacitors to em- 
ploy a similar signaling technique as is used in optical 
couplers. 

Whether modem 200 is implemented using digital 
optical couplers or capacitive couplers : digital interface 
204 preferably has only three couplers: two for the trans- 
mit path and one for the receive path. In the transmit 
path, one coupler is used for the outgoing data signals 
and one coupler is used for the clock signals. In the re- 
ceive path, a single coupler is used for the incoming data 
signals. 

In a preferred embodiment of modem 200, the dig- 
ital signals are modulated using sigma-detla modulation 
with two-level feedback for transmission through digital 
interface 204. Sigma-delta modulation is a standard sig- 
nal processing technology. See, e.g., Oversampling 
Delta-Sigma Data Converters: Theory, Design, and 
Simulation, edited by James C. Candy and Gabor C. Te- 
mes (IEEE Press, 1992), and Detta-Sigma Data Con- 
verters: Theory, Design, and Simulation, edited by Ste- 
ven R. Norsworthy, Richard Schreier, and Gabor C. Te- 
rries (IEEE Press, 1 997), the teachings of both of which 
are incorporated herein by reference. 

In the receive path, incoming analog TIP and RING 
signals are received by AFE circuitry 206 from the phone 
lines. AFE circuitry 206 applies analog codec process- 
ing to convert the analog input signals into a 1 -bit rep- 
resentation that has a sample rate typically 64 to 256 
times the Nyquist rate needed to encode the input sig- 
nal. The resultant 1-bit wide words are well suited lor 
transmission through high-vottage couplers. The 1-bit 
signal stream is transmitted through digital interlace 204 
to DSP 202. DSP 202 applies codec digital processing 
to filter the incoming digital signal to remove the quan- 
tization noise and spurious noise and/or signals that fall 
outside the modem signal band. DSP 202 then transmits 
the resulting incoming digital signals to the computer. 

In the transmit path, outgoing digital signals are re- 
ceived by DSP 202 from, for example, a computer. DSP 
202 applies conventional data-pump digital processing 
to the outgoing digital signals. In addition, DSP 202 ap- 
plies codec digital processing to convert the outgoing 
digital signals into a 1 -bit signal stream using digital sig- 
ma-delta modulation techniques. The 1-bit signal 
stream is transmitted through digital interlace 204 to 
AFE circuitry 206, which applies analog codec process- 
ing to drive a simple 1-bit D/A converter with the re- 
ceived 1 -bit stream and use analog filters to remove the 
out -of -band noise. AFE circuitry 206 transmits the re- 
sulting outgoing analog TIP and RING signals to the 
phone lines, where the conventional definition of phone 



lines refers to TIP and RING. 

Using 1-bit A/D and D/A codes allows modem 200 
to be implemented with only three couplers (one for in- 
coming data, one for outgoing data, and one for outgo- 
s ing clock). Furthermore, since the data words are only 
1-bit wide, no synchronization signal is needed to send 
data. 

As described above, in embodiments of the present 
invention, the analog and digital functions of a conven- 

10 tional modem codec are separated and distributed be- 
tween the line side and the device side of the modem. 
The greater the amount of codec functionality that is per- 
formed on the device side in the digital domain, the 
smaller will be the power consumption of the line-pow- 

15 ered portion of the modem. 

Fig. 3 shows a block diagram of the line-side circuit- 
ry 300 ot modem 200 of Fig. 2, according to one embod- 
iment of the present invention. Circuitry 300 includes the 
line side 302 of digital interface 204 of Fig. 2 as well as 

20 AFE circuitry 206 of Fig. 2. Line-side circuitry 300 proc- 
esses outgoing signals for transmission over the TIP 
and RING phone lines. In addition, line-side circuitry 300 
processes incoming signals received from the phone 
lines. 

2S in particular, line-side digital interface 302 receives 
the outgoing data and clock signals transmitted from 
DSP 202 through digital interlace 204 of Fig. 2. When 
digital interface 204 is implemented using digital optical 
couplers, tine-side digital interlace 302 has two optical 
30 detectors for receiving and converting the optical signals 
corresponding to the outgoing data and clock signals 
back into 1 -bit sigma-delta streams. When digital inter- 
face 200 is implemented using capacitive couplers, line- 
side digital interface 302 uses capacitors and associat- 
es ed circuitry to receive and convert the signals corre- 
sponding to the outgoing data and clock signals back 
into 1 -bit sigma-delta streams. In either case, the re- 
ceived digital signals are passed to D/A converter 304 
which applies sigma-delta decoding to convert the sig- 
40 nals into an analog signal corresponding to the outgoing 
data signal. This analog signal is input to hybrid 308. 

In line-side circuitry 300, inductor emulator 310 is 
connected in series with shunt regulator 312 between 
the TIP* and RING* lines, and that series combination is 
45 connected in parallel with both AC termination imped- 
ance 314 and polarity guard 316. This circuitry operates 
to control the TIP and RING signals that flow over the 
phone lines. AC termination impedance 314 provides 
the appropriate impedance lor phone-line AC require- 
so ments. Polarity guard 316 ensures that the correct po- 
larity DC voltage is applied to the AFE circuitry. 

Inductor emulator 310 provides an appropriate DC 
termination for proper signaling to the central office. In- 
ductor emulator 310 is preferably implemented with ac- 
55 tive circuitry that emulates passive hardware to provide 
a large effective inductance in series with a finite DC 
resistance that is specified by regulatory agencies. 
Since inductor emulator 310 is in parallel with AC termi- 
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nation impedance 314, the equivalent inductance of in- 
ductor emulator 310 must be high enough not to inter- 
fere with the functionality of AC termination impedance 
314. 

In a preferred implementation, line-side circuitry 
300 is primarily embodied in a single CMOS integrated 
circuit (IC) that is powered exclusively by the phone 
lines. Since CMOS devices can tolerate voltages of lim- 
ited magnitude (e.g., 5 volts), shunt regulator 312 is pro- 
vided to protect line-side circuitry 300 from line voltages 
greater than the CMOS limit. Line voltages are typically 
much higher than 5 volts. Shunt regulator 312 acts as a 
variable resistor to control the voltage seen by line-side 
circuitry 300. An appropriate design for shunt regulator 
312 has an adjustable DC impedance and preferably a 
very low AC impedance. Shunt regulator 312 may be 
implemented with sensing circuitry that senses the volt- 
age between the top and bottom nodes of the regulator 
and control circuitry that causes the shunt regulator to 
operate as a variable resistor that responds to the 
sensed voltage to maintain a constant voltage between 
those nodes. 

In the implementation of line-side circuitry 300 
shown in Fig. 3, inductor emulator 310 is placed in series 
(and not in parallel) with shgnt regulator 312. This de- 
sign avoids additional power consumption that would 
otherwise result if the inductor emulator were placed in 
parallel with the shunt regulator. This helps achieve the 
goal of designing line-side circuitry that is to rely solely 
on the phone lines for its power by maximizing the total 
available power to the analog front end. 

Taking the RING' line as a point of reference, hybrid 
308 with capacitor C samples the TIP' signals, and hy- 
brid 308 also samples the analog signals transmitted 
from D/A converter 304. which are representative of the 
outgoing signals. Hybrid 308 essentially subtracts the 
sampled outgoing signals from the sampled TIP' signals 
to generate analog signals that are replicas of the in- 
coming signals. A/D converter 306 applies sigmal-delta 
encoding to convert the analog signals into a 1-bit 
stream for transmission by line-side digital interface 
302. When digital interface 204 of Fig. 2 is implemented 
using digital optical couplers, line-side digital interlace 
302 has one optical transmitter for converting the 1 -bit 
stream generated by A/D converter 306 into optical sig- 
nals for transmission to the device-side of digital inter- 
face 204. When digital interface 204 of Fig. 2 is imple- 
mented using capacitive couplers, line-side digital inter- 
face 302 uses capacitors and associated circuitry to 
convert the 1 -bit stream generated by A/D converter 306 
into signals for transmission to the device-side of digital 
interface 204. 

As described above, when digital interface 204 of 
Fig. 2 is implemented using optical couplers, line-side 
digital interface 302 has two optical detectors and one 
optical transmitter. One of the optical detectors receives 
the optical signals transmitted from the device side of 
digital interlace 204 that correspond to the outgoing data 



signals, and the other optical detector receives the op- 
tical signals corresponding to the clock signals. The op- 
tical transmitter generates optical signals corresponding 
to the incoming data signals for transmission to the de- 
s vice side of digital interface 204. 

Fig. 4 shows a schematic diagram of each of the 
two optical detectors of line-side digital interface 302, 
according to one embodiment of the present invention. 
In Fig. 4, the detector is implemented using a photosen- 
10 srtive PIN diode, an amplifier, and biasing circuitry 
adapted to reverse bias the photo-diode and to ensure 
that the amplifier avoids both cutoff and saturation con- 
ditions. The biasing of the photo-diode and the amplifier 
keeps capacitance to a minimum and optimizes the 
is speed and power consumption of the detector. In one 
preferred embodiment of modem 200, the optical detec- 
tor in the device-side of digital interface 204 of Fig. 2 
has the same design as the optical detector of Fig. 4. 
Fig. 5 shows a schematic diagram of the optical 
20 transmitter of line-side digital interface 302 of Fig. 3, ac- 
cording to one embodiment of the present invention. In 
Fig. 5, resistor R1 keeps light emitting diode LED1 idling 
on, but not full on (e.g., to a minimal photon emitter 
state) to maximize opto speed. A logic 1 is transmitted 
25 when device M1 closes (i.e., turns on). In one preferred 
embodiment of modem 200, the two optical transmitters 
in the device-side of digital interface 204 of Fig. 2 each 
have the same design as the optical transmitter of Fig. 5. 
Fig. 6 shows a schematic diagram of line-side cir- 
30 cuitry 300 of Fig. 3, according to one implementation of 
the present invention. Corresponding functional blocks 
from Fig. 3 are identified in Fig. 6. Those skilled in the 
art will understand that some or all of the components 
of line-side circuitry 300 of Figs. 3 and 6 may be imple- 
35 mented as a single integrated-circuit (IC) chip, white the 
remaining components are implemented "off chip." For 
example, using conventional CMOS technology, D/A 
converter 304, A/D converter 306, and hybrid 308, as 
well as portions of line-side digital interface 302, induc- 
40 tor emulator 310, and shunt regulator 312 may be im- 
plemented as a single CMOS device, while the remain- 
ing components are implemented off chip. It may also 
be possible to implement all of line-side circuitry 300 
(with the possible exception of AC termination imped- 
45 ance 314) as a single integrated circuit using a high- 
voltage, high-power MOS process, such as DMOS or 
BCD MOS technology. In any case, in preferred embod- 
iments of the present invention, line-side circuitry 300 is 
powered solely by the phone lines. 
50 The present invention provides advantages over 
the prior art. In the prior art, electrical isolation is provid- 
ed in the analog domain using transformers. Since sig- 
nal degradation is inversely proportional to the size of 
the transformer, such transformers are not practical for 
55 many portable applications. Transformers that are small 
enough for portable applications cause too much signal 
degradation, while transformers that keep degradation 
to an acceptable level are too big for many portable ap- 
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plications. 

The present invention avoids these limitations of the 
prior art. By implementing electrical isolation in the dig- 
ital domain using digital couplers, the present invention 
avoids the use of small transformers with poor linearity 
as well as bulky transformers. Moreover, in addition to 
size, weight, and performance advantages, embodi- 
ments of the present invention can be built at a lower 
cost than comparable prior-art embodiments. It should 
be emphasized, however, that the present invention is 
not limited to portable applications. The present inven- 
tion can also be implemented in non-portable telephony 
applications that require electrical isolation between te- 
lephony devices and phone lines (e.g., desktop comput- 
ers connected to phone lines via modems). 

Furthermore, because of its low power consump- 
tion, the line-side circuitry of a modem implemented un- 
der the present invention can be (but does not neces- 
sarily have to be) powered entirely by the phone lines. 
In addition, such line-side circuitry can be (but does not 
necessarily have to be) implemented in a single IC chip, 
such as a CMOS device. 

In Figs. 1 -6, the present invention is shown in the 
context of a modem. Those skilled in the art will under- 
stand that the present invention can alternatively be im- 
plemented in other suitable types of telephony hardware 
that need to provide electrical isolation, such as fax ma- 
chines, telephone answering machines, speaker- 
phones, high-end feature phones, and even central of- 
fice circuits. Moreover, the present invention can be im- 
plemented in applications other than telephony-based 
applications. For example, the present invention could 
be implemented in the context of an automobile control 
and sensing system which has a relatively hostile inter- 
face problem. In principle, the present invention can be 
applied to interface circuitry designed to provide electri- 
cal isolation in any suitable situation that requires such 
isolation between two devices. In telephony : based ap- 
plications, one of the two devices comprises a transmis- 
sion line, such as a telephone line. In other applications, 
the transmission line can be a cable, such as a computer 
cable for a computer network (e.g., LAN). 

Similarly, in Figs. 1-6, the present invention is 
shown as an interface device between analog phone 
lines and a digital device, such as a computer or data 
terminal. It will be understood that the present invention 
can alternatively be implemented as an interface device 
between analog phone lines and an analog device. In 
that case, both the line side and the device side contain 
A/D converters that convert analog signals into digital 
signals for transmission through the high-voltage digital 
interface as well as D/A converters that convert the dig- 
ital signals transmitted through the high-vottage digital 
interface back into analog signals. 

The embodiments of the present invention de- 
scribed in relation to Figs. 1 -6 rely on sigma-delta mod- 
ulation techniques to generate digital data for transmis- 
sion through the high-voltage digital interface. Sigma- 



delta modulation is particularly suitable for generating 
the 1 -bit data streams that are transmitted through the 
digital interface. Using 1 -bit data streams minimizes the 
number of couplers (e.g.. optical couplers) required in 

5 the digital interface, thereby keeping the size and power 
characteristics of the digital interface to acceptable lev- 
els. Those skilled in the art will understand that coding 
techniques other than sigma-delta modulation can be 
used to generate 1-bit data streams, such as (but not 

10 necessarily limited to) pulse-width modulation and suc- 
cessive, approximation schemes. It will also be under- 
stood that there may be applications of the present in- 
vention that do not require 1 -bit data streams. 

It will be further understood that various changes in 
the details, materials, and arrangements of the parts 
which have been described and illustrated in order to 
explain the nature of this invention may be made by 
those skilled in the art without departing from the prin- 
ciple and scope of the invention as expressed in the f ol- 

20 lowing claims. 

Claims 

2S 1. An interface device for interfacing between a first 
device and a second device, comprising: 

(a) first-device-side circuitry, adapted to inter- 
face to the first device and to provide first -de- 

30 vice-side codec processing; 

(b) second<Jevice-side circuitry, adapted to in- 
terface to the second device and to provide sec- 
ond-device-side codec processing; and 

(c) a digital interface, connected between the 
35 first-device-side circuitry and the second-de- 
vice-side circuitry and adapted to provide elec- 
trical isolation between the first device and the 
second device, wherein the first-device-side 
circuitry and the second-device-side circuitry 

40 are adapted to apply sigma-delta modulation 

teclmiques to generate digital signals for trans- 
mission through the digital interface. 

2. Analog front end (AFE) circuitry for an interface de- 
45 vice tor interfacing between a first device and a sec- 
ond device, wherein: 

the AFE circuitry forms second-device-side cir- 
cuitry of the interface device which is adapted 

so to interface to the second device and to provide 

second-device-side codec processing; and 
the interface device further comprises: 
first -device-side circuitry, adapted to interface 
to the first device and to provide first-device- 

55 side codec processing; and 

a digital interface, connected between the first- 
device-side circuitry and the second-device- 
side circuitry and adapted to provide electrical 
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isolation between the first device and the sec- 
ond device, wherein the first-device-side cir- 
cuitry and the second-device-side circuitry are 
adapted to apply sigma-delta modulation tech- 
niques to generate digital signals for transmis- 
sion through the digital interface. 

3. A device as claimed in claim 1, or circuitry as 
claimed in claim 2, wherein the second-device-side 
circuitry comprises: 

(1 ) a D/A converter, adapted to convert outgo- 
ing digital sigma-delta signals into outgoing an- 
alog signals; 

(2) an A/D converter, adapted to convert incom- 
ing analog signals into incoming digital sigma- 
delta signals; 

(3) An AC termination impedance, adapted to 
provide impedance for transmission-line AC re- 
quirements; 

(4) An inductor emulator, adapted to provide 
DC termination for a transmission line of the 
second device; and 

(5) a shunt regulator, adapted to control voltage 
levels seen by the second-device-side circuitry. 

4. A device or circuitry as claimed in claim 3 compris- 
ing: 

(6) a hybrid, adapted to sample transmission- 
line signals and the outgoing analog signals to 
generate a replica of the incoming analog sig- 
nals; and 

(7) a polarity guard, adapted to ensure that cor- 
rect polarity DC voltage is applied to the sec- 
ond-device-side circuitry. 

5. A device as claimed in claim 1, or circuitry as 
claimed in claim 2, wherein: 

the digital signals transmitted through the dig- 
ital interface are 1 -bit signals; 
the digital interface has two high-voltage cou- 
plers for the transmit' path (one tor outgoing da- 
ta signals and one for clock signals) and one 
high-voltage coupler for the receive path (for in- 
coming data signals); 

the second-device-side circuitry is powered 
solely by a transmission line of the second de- 
vice; 

the second-device-side circuitry comprises: 
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(3) an AC termination impedance, adapted 
to provide impedance for transmission-line 
AC requirements; 

(4) an inductor emulator, adapted to pro- 
vide DC termination for the transmission 
line of the second device; 

(5) a shunt regulator, adapted to control 
voltage levels seen by the second-device- 
side circuitry, wherein the inductor emula- 
tor is connected in series with the shunt 
regulator, 

(6) a hybrid, adapted to sample transmis- 
sion-line signals and the outgoing analog 
signals to generate a replica of the incom- 
ing analog signals; and 

(7) a polarity guard, adapted to ensure that 
correct polarity DC voltage is applied to the 
second-device-side circuitry. 

20 6. A device or circuitry as claimed in claim 5, wherein: 

the first device is a portable digital device; 
the interface device is a modem; 
the first-device-side circuitry has a codec digital 
25 processor adapted to perform the first-device- 

side codec processing, and the second-device- 
side circuitry has codec analog front end circuit- 
ry adapted to perform the second-device-side 
codec processing; and 
30 the digital interface comprises one or more op- 

tical couplers, each optical coupler comprising 
an optical transmitter and an optical detector, 
wherein: 

each optical coupler in the transmit path com- 
35 prises a first-device-side optical transmitter and 

a second-device-side optical detector, the sec- 
ond-device-side optical detector having a pho- 
to-diode, an amplifier, and biasing circuitry 
adapted to reverse bias the photo-diode and to 
40 ensure that the amplifier avoids both cut-off and 

saturation conditions: and 
each optical coupler in the receive path com- 
prises a second-device-side optical transmitter 
and a first-device-side optical detector, the sec- 
45 ond-device-side optical transmitter having a 

light-emitting diode (LED) and biasing circuitry 
adapted to bias the LED idling on. 

7. An interface device for interlacing between a first 
so device and a second device, comprising: 

(a) first-device-side circuitry, adapted to inter- 
face to the first device; and 

(b) second-device-side circuitry, adapted to in- 
terface to the second device and to the first-de- 
vice-side circuitry, wherein the second-device- 
side circuitry comprises: 



(1 ) a D/A converter, adapted to convert out- 
going digital sigma-detta signals into out- 
going analog signals; 

(2) an A/D converter, adapted to convert in- 
coming analog signals into incoming digital 
sigma-detta signals; 
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(1 ) an AC termination impedance, adapted 
to provide impedance for transmission -line 
AC requirements; 

(2) an inductor emulator, adapted to pro- 
vide DC termination for the second device; 
and 

(3) a shunt regulator, adapted to control 
voltage levels seen by the second-device- 
side circuitry, wherein the inductor emula- 
tor is connected in series with the shunt 
regulator. 

8. A device as claimed in claim 7, comprising a digital 
interface, connected between the first-device-side 
circuitry and the second-device-side circuitry and 
adapted to provide electrical isolation between the 
first device and the second device, wherein: 

the first-device-side circuitry is further adapted 
to provide first-device-side codec processing; 
the second-device-side circuitry is further 
adapted to provide second-device-side codec 
processing; and 

the second-device-side circuitry further com- 
prises: 

(4) a D/A converter, adapted to convert out- 
going digital signals into the outgoing ana- 
log signals; and 

(5) an A/D converter, adapted to convert in- 
coming analog signals into incoming digital 
signals. 

9. Analog front end (AFE) circuitry for an interface de- 
vice for interfacing between a first device and a sec- 
ond device, comprising: 

(1) an AC termination impedance, adapted to 
provide impedance for transmission-line AC re- 
quirements; 

(2) an inductor emulator, adapted to provide DC 
termination for the second device; and 

(3) a shunt regulator, adapted to control voltage 
levels seen by the AFE circuitry, wherein the in- 
ductor emulator is connected in series with the 
shunt regulator 

10. Circuitry as claimed in claim 9, comprising: 

(4) a D/A converter, adapted to convert outgo- 
ing digital signals into the outgoing analog sig- 
nals; 

(5) an A/D converter, adapted to convert incom- 
ing analog signals into incoming digital signals; 

(6) A hybrid, adapted to sample transmission- 
line signals and the outgoing analog signals to 
generate a replica of the incoming analog sig- 
nals; and 



(7) a polarity guard, adapted to ensure that cor- 
rect polarity DC voltage is applied to the AFE 
circuitry. 
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